The endoparasitic mite Locustacarus buchneri Stammer has been found in commercial bumblebees (Bombus terrestris) and in Japanese native bumblebees. In an infested colony of B. terrestris reared in the laboratory, the mites moved from adult bees to 3rd or 4th instar larvae, where they waited for bees' pupation. We dissected the bee workers that emerged, and counted the numbers of eggs, mobile forms (larviform females and males), and adult females of the mite in the tracheae of the bees. Our results allowed us to roughly estimate that the developmental period from egg to mobile phase of the mites was about 2 weeks (4 weeks after bee emergence). We also revealed that the number of mites in the bee could be positively associated with the bee's age after emergence.
INTRODUCTION
The European bumblebee, Bombus terrestris Linnaeus (Hymenoptera: Apidae), was developed as a managed commercial pollination agent through the establishment of mass rearing methods in Belgium in the 1980s and is now used worldwide. The introduction of commercial colonies into Japan began in 1991. Approximately 70,000 colonies were imported in 2003 (Goka and Japanese Bumblebee Companies Association, 2003; Kunitake and Goka, 2006) ; however, some ecologists have warned that the ecological impact of naturalized bumblebees could harm Japanese native bumblebees and flora (Kato, 1993; Washitani, 1998) . The first record of species naturalization was reported in 1996 in Hokkaido and its distribution has since increased (Matsumura et al., 2004) .
The Ministry of Environment in Japan enacted the Invasive Alien Species Act in 2005 to restrict invasive alien species. The law requires the European bumblebee to be controlled. In support of this decision, four ecological impacts were cited. The first is interspecific competition between B. terrestris and Japanese native bumblebee species for ecological niches such as nesting locations, and for nectar and pollen resources. The second is reproductive disturbance through interspecific crosses between B. terrestris and Japanese native species. If such interspecies matings occur in the field, the native queens will be unable to produce offspring, causing a decline in the population of the native species. The third is the decline of Japanese native flora, because the European bee sometimes takes nectar without pollinating, known as nectar-robbing behavior (Matsumura et al., 2004) . The behavior of the bee actually reduces the seed set of some Japanese endemic plants (Kenta et al., 2007) . Since the ecological niche of B. terrestris potentially overlaps that of native bumblebees, the in-creasing naturalization of the exotic bumblebee could disrupt the pollinating systems that result from co-evolution between native bees and the unique flora of Japan. The fourth impact is the importation of alien parasites into Japan. More than 50 species of parasites have already been reported in bumblebees (Schmid-Hempel, 1998) . As there is no quarantine system in Japan for the introduction of bumblebees, we have warned that alien parasite invasion in introduced commercial colonies is inevitable. This fear was realized when the tracheal mite Locustacarus buchneri Stammer (Acari: Podapolipidae) was detected in about 20% of commercial colonies of B. terrestris imported from Europe (Goka et al., 2000 (Goka et al., , 2001 .
L. buchneri parasitizes the tracheae of bumblebees and is distributed worldwide (Husband, 1969; Husband and Shinha, 1970) . The mite goes through four developmental stages: egg, larviform female or adult male, and adult female (Husband and Shinha, 1970) . Males do not have larviform stages. The larviform female and adult male are active stages, and the adult female is immobile. Only adult females can suck the haemolymph in the tracheae of adult bumblebees (Husband and Shinha, 1970) .
Apart from the report on mite distribution, there is no reliable report of the ecological impact of the mite in Japan. In our previous study, we investigated the distribution of the mite in Japanese native bumblebees between 1997 and 1999, and detected it among natural populations of B. hypocrita (Goka et al., 2001) . We compared mtDNA haplotypes of the mite from B. hypocrita and from commercial colonies of B. terrestris imported from Belgium and the Netherlands. The haplotypes of Japanese mites were different from those of European mites; however, since 2000, we have detected mites possessing European mtDNA haplotypes in natural populations of Japanese native bumblebees, as well as many mites possessing Japanese haplotypes in imported commercial colonies. Because B. hypocrita was once exported to Europe for commercialization, these results suggested that bumblebee commercialization has caused overseas migration and cross-infestation of parasitic mites between natural populations and commercial colonies of bumblebee (Goka et al., 2001 . Colla et al. (2006) suggested that the spillover of some pathogens, including L. buchneri, from commercial hives to wild bumblebees could occur in Canada. Otterstatter and Whidden (2004) found that the highest prevalence of L. buchneri typically occurred among bumblebee of B. occidentalis, which are commercially used as pollinating agents in Canada (Velthuis and Doorn, 2006) . Although large numbers of L. buchneri in a bee's trachea will cause diarrhea and inhibit foraging (Husband and Shinha, 1970) , the mite is thought to have relatively benign effects on natural bumblebee colonies (Alford, 1975; Macfarlane et al., 1995; but see Schmid-Hempel, 1998) .
It is crucial to know the basic biology of the mite, especially how it reproduces and how to prevent mite spillover from commercial bumblebees to wild bees. We report the transmission and how and when the mite would infect the bumblebee larvae, reproduce and transmit to other individuals within a colony of B. terrestris.
MATERIALS AND METHODS

Commercial colonies used for investigation.
We used five infested colonies with 100 to 150 workers, reared at Api Co. Ltd. for commercial purposes. We obtained the tracheal mite from an colony imported from Belgium in 1999 that had been kept in a separate laboratory. All nest boxes (15 cmϫ27 cmϫ20 cm) were placed in a climatecontrolled room (28Ϯ2°C, 60Ϯ10% relative humidity) at the company. Sugar solution (60% sugar) and pollen from honeybees were provided as food ad libitum (Ono, 1994) .
Observation of L. buchneri on larvae and pupae of B. terrestris. On bumblebee larvae, we found mobile mites near the opening of the tracheae. We investigated the relationship between larval body size of the bee and infestation of the mites attached to the tracheae. To observe the mites on bee larvae, we used an extra single colony with about 200 workers. The colony had already started to produce males and new queens. We collected all larvae and pupae from the colony and checked the larval surfaces and interior under a binocular microscope (ϫ400 magnification) to identify whether the mite had attached, and measured the fresh body weight (Ϯ0.1 mg) and the head width of each larva (Ϯ0.05 mm) of the bee to detect larval instars. We also checked the appearance of pupae of the bee and dissected pupae under the microscope (ϫ400).
Survey of L. buchneri development in the tracheae of B. terrestris.
To investigate how mites reproduce in the tracheae of bees, newly emerged workers from the five infested colonies were collected within a day of their birth and each individual was kept separately in a small cup (ca. 5 cmϫ4 cm) with syrup (60% sugar) and pollen from honeybees at room temperature (25°C). We dissected the workers under carbon dioxide anesthesia using a dissecting microscope (ϫ400). We cut open the dorsal plates of the abdomen with scissors and insect pins, removed air sacs in the abdomen with forceps and counted the number of eggs, mobile mites, and adult females of the mite. If we could not find any mites in the air sacs, we excluded the data from our analyses.
RESULTS
Relationship between larval instar of B. terrestris and infestation of L. buchneri
We inspected the mite on the surface of bumblebee larvae under a dissecting microscope (ϫ400) and recorded the number of mobile mites. In general, on the surface of infested bumblebee larvae, 1 to 5 mobile mites were found around each entrance of the larval spiracles. Overall, 37.0% (37/100; infested larvae/total larvae) larvae were infested by mobile mites. The body weight of larvae infested by mobile mites was significantly greater than that of un-infested larvae (Fig. 1, -test, zϭ7.27, pϽ0.001) .
Population dynamics of L. buchneri in tracheae of B. terrestris
The frequency distributions of each mite stage in the sacs of the bee are shown in Fig. 2 . The mean numbers of adult females per bee were relatively stable between 1 and 4 weeks after bee emergence (1.1-2.6 individuals per bee) and peaked at 5 weeks old (6.4 individuals). The numbers were significantly different among cohorts (F (4,42) ϭ6.28, pϽ0.001). The mean numbers of eggs per bee increased between 1 and 3 weeks, and peaked in 3 weeks (24.8 per bee). The numbers were significantly different among cohorts (F (4,42) ϭ13.51, pϽ0.001). The numbers of mobile mites were constant from 1 to 3 weeks (1.2 individuals), and then increased at older ages. The numbers were significantly different among cohorts (F (4,42) ϭ3.10, pϽ0.05).
DISCUSSION
Mobile individuals of L. buchneri moved mostly from adult bees to 3rd or 4th instar larvae of the bee (Fig. 1) . We can explain the difference in infestation rates between early and late instars by the feeding traits of bumblebees. B. terrestris constructs pollen pots away from brood clumps, and the larvae are fed on nectar and pollen regurgitated by workers. This regurgitated food is given to early-instar larvae through the shared wax-pollen canopy. When larvae reach the 3rd instar and spin their individual cocoons, they are fed individually. The wax-pollen envelope is usually incomplete on the side, and the workers inject food through this gap. In other words, the canopy breaks with larval development (Free and Butler, 1959) . So, as earlier instar larvae are enclosed by the wax-pollen wall, it is very hard for the mite to infect them. When they reach 3rd instar, the wall is opened, so mites can easily infest bee larvae. Husband and Shinha (1970) reported that larviform female mites migrate to the tracheae of adult worker bees, attach to the tracheal walls, molt, and begin to grow. In addition, van der Eijnde (1999) reported that older larvae were infested by the mite whereas younger larvae were not. Our results also revealed that heavier larvae were infested by mites (Fig. 1) , indicating that the larvae of new queens were possibly infested by mites during the bee larval stage. Thus, the mites could be transmitted to the new colony in the next season by new queens infested by mites during the larval stage; therefore, this is a likely way for mites to disperse and spread to new colonies. Van der Eijnde (1999) also reported no mobile mites on the surface of host pupae, but in serial sections of the abdomen of frozen pupae, only mobile mites were found on the inner wall of the trachea whereas no adult females were observed, suggesting that mobile mites would metamorphose after host emergence in the wall of the trachea. Our results allowed us to roughly estimate that the developmental period from egg to mobile phase of mites was about 2 weeks, because the period between the start of increment of the number of egg (2 weeks) and the start of increment of the number of mobile mites (4 weeks) was 2 weeks (Fig. 2) . As a result, the number of mites in the bee could be positively associated with the bee's age after their emergence. From our result, mobile mites are produced 4 weeks after bee emergence.
We also found 1.3Ϯ0.48 (meanϮSE) adult female mites in the air sacs in 1-week-old adult bees, indicating that more than one mobile mite entered the air sacs and reproduced there. We found 6.4Ϯ0.87 adult female mites in the air sacs in 4-to 5-week-old adult bees, indicating that some mite offspring remained in the air sac, metamorphosed, and laid eggs there. Thus, the extent of infestation by mites on the bee also could depend not only on bee age but also on the number of mites entering the air sacs (Fig. 2) . In addition, mobile mites must be able to survive for at least two weeks without any food because they do not have a mouth for sucking the bee's haemolymph and the pupal stage, which is a difficult stage in which to be infected by mites due to their incomplete tracheal system, seems to be at least two weeks (Alford, 1975; PrysJones and Corbet, 1991) .
